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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method and apparatus for coating a substrate, and in particular, to a
method and apparatus which creates a magnetoplasma in the vicinity of an evaporated source material to assist the
transport of an evaporant and/or ions of a background gas under the influence of an applied magnetic field for deposi-
tion on a substrate material.

DESCRIPTION OF THE PRIOR ART

[0002] The transporting of plasma by means of a magnetic field is well known in the literature, and is commonly
used for forming thin film coatings in the case where the source of material is a cathodic arc (Aksenov et al, Soviet Jour-
nal of Plasma Physics 4 (1978), page 425).
[0003] The transportation of plasma by magnetic fields has also been described, in US Patent No. 4810935, enti-
tled 'Method and apparatus for producing large volume magnetoplasmas' by R W Boswell. In this case no source of
evaporation was discussed, but rather the plasma was created in gases admitted to the process.
[0004] The use of a thermal evaporation source with a plasma in its vicinity is also well known as the 'ion plating'
process. That known process differs from the present invention by its use of electric fields only to transport the plasma
to the substrate rather, than a magnetic field and an electric field, as in the invention.
[0005] The use of energetic ions to densify a film is also well known as Ion Assisted Deposition. That known proc-
ess differs from the present invention by its use of a source of bombarding ions (plasma or ion source) not transported
by a magnetic field and separate from the source of deposited material.
[0006] US Patent No. 5, 126 030 describes a known method and apparatus for coating a substrate with a material
by use of cathodic arc deposition. An arc evaporation source contains a film forming material. A substrate is arranged
on the central axis line of and in from of the evaporation surface of the arc evaporation source. At least one magnet coil
is arranged around the central axis line and between the arc evaporation source and the substrate. In this process, the
target substrate in the cathodic arc must biased negatively and must be a conductor.
[0007] An example of a plasma generated by radio-frequency power is described in Patent Abstracts of Japan vol.
017, no. 693 (C-1144), 17 December 1993. A high frequency current is passed through a coil to generate a magnetic
field in a cylindrical tube. A gas is passed through the tube and excited to generate a high frequency induction plasma.
A vapor depositing material is placed in the plasma and is evaporated and deposited onto the surface of a substrate.
[0008] It is also known to use an electron beam to evaporate a source material, for example as described in Patent
Abstracts of Japan, C-1057, page 23. This device is provided with a focusing coil, which irradiates the film forming mate-
rial with the electrons supplied from an electron beam generator and forms the magnetic field for ionizing the film form-
ing material to be evaporated together with introduced gasses.

SUMMARY OF THE INVENTION

[0009] The present invention seeks to provide a method and apparatus for forming a coating on a substrate, which
differs from those prior art methods and apparatus hereinbefore discussed.
[0010] The present invention also seeks to provide a method and apparatus for forming a coating on a substrate
which has a wide variety of applications therefor, such as producing "doped" films or alloys of various materials, for
example, semiconductor materials.
[0011] According to one aspect of the present invention there is provided an apparatus for forming a coating on a
substrate, comprising :

an electrically independent evaporator to produce an evaporant from a solid source material; a plasma generation
chamber having an excitation antenna capable of coupling radio frequency power to a plasma with improved effi-
ciency over inductive coupling, within which a high density magnetoplasma is generated from the said evaporant
and (most usually) also from a background gas, said plasma generation chamber being situated above said evap-
orator and below said substrate in a substantially vertical and axially concentric configuration; and magnetic field
supply means to apply a substantially vertically oriented magnetic field to said apparatus, to control the density of
said magnetoplasma adjacent to said substrate.

[0012] Preferably, the antenna is excited with radio frequency power, which is preferably in the frequency range 10
to 30 MHz.
[0013] Also preferably, each of said evaporator, said plasma generation chamber and said substrate are substan-
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tially axially concentric.

[0014] Most preferably, said plasma generation chamber is situated above said evaporator and below said sub-
strate in a substantially vertical configuration.
[0015] In the preferred embodiment, said magnetic field acts to increase the density of said magnetoplasma and to
increase the ionisation proportion of said evaporant and any background gases admitted to the chamber.
[0016] In another preferred embodiment, the ionisation proportion of said evaporant is low or zero, and in the pri-
mary effect of the magnetic field is to transport ions of the said background gas to the surface to carry out the process
of ion assisted deposition.
[0017] In another preferred embodiment the background gas contains precursors enabling the deposition of a
doped film onto said substrate which originates from the background gas, while the dopant originates from the evapo-
rant.
[0018] Most preferably, said evaporator is comprised of a crucible possibly having more than one compartment
therein, each compartment housing a different source material, and whereby said evaporator is controlled to produce
evaporant(s) from each source material, as desired.
[0019] In a preferred form, a bias voltage (DC or RF) is applied to said substrate.
[0020] Perhaps most preferably, said bias voltage is up to about 4kV.
[0021] Preferably said substrate is heated or cooled.
[0022] In a most preferred form, a potential maximum in the plasma is located near to the evaporator such that said
evaporant is largely ionised at a position at or above the potential maximum.
[0023] Perhaps most preferably, said magnetoplasma has an ion density greater than 1011/cc.
[0024] Preferably, said source material(s) is/are selected from boron, titanium, zirconium, carbon, hafnium, tung-
sten, silicon, germanium, chromium, tantalum, vanadium, magnesium, aluminium, manganese, nickel, copper, niobium,
molybdenum, silver, indium, tin, yttrium, gold, any rare earth metal, gallium, calcium, strontium and barium.
[0025] Also preferably, said magnetoplasma is selected from the gases of argon, nitrogen, oxygen, hydrogen,
methane, acetylene, phosphine, diborane, arsine, germane, silane, silicon tetrachloride, krypton, fluorine, trimethylgal-
lium, aluminiumtrichloride, titaniumtetrachloride, teos and disilane.
[0026] Perhaps most preferably, said source material is boron and said magnetoplasma is comprised of a mixture
of nitrogen and argon, such that said coating formed on said substrate comprises cubic boron nitride.
[0027] Perhaps most preferably, said source material is silicon and said magnetoplasma contains oxygen and/or
nitrogen, such that said coating formed on said substrate comprises silicon dioxide or silicon nitride or a mixture of
these.
[0028] Perhaps most preferably, said source material is germanium and said magnetoplasma comprises a mixture
of silane and possibly oxygen, such that said coating formed on said substrate comprises germanium doped silicon or
silicon dioxide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The present invention will become more fully understood from the following detailed description of the pre-
ferred but non-limiting embodiment thereof, described in connection with the accompanying drawings, wherein:

Fig. 1 shows an schematic representation of the key components of an apparatus in accordance with the present
invention;

Fig. 2 details more precisely an actual embodiment of the apparatus;

Fig. 3 shows a detailed view of the side of the apparatus shown in Fig. 2; and,

Fig. 4 shows a detailed view of the top of the apparatus shown in Figs. 2 and 3.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] Throughout the drawings, like numerals will be utilised to represent similar features, except where expressly
otherwise indicated.
[0031] The apparatus shown in the drawings, and as perhaps best illustrated in Fig. 1, and generally designated by
the numeral 1, is comprised three core interconnected components, an evaporant producing area 2, a plasma genera-
tion chamber 3, and a deposition chamber 4. The evaporant chamber 2 basically comprises an electron beam evapo-
rator 5, in which an electron beam is directed at a quantity of source material held in a crucible to produce an evaporant
6 from the source material.
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[0032] The plasma generation chamber 3 comprises a gas inlet 7 to supply gas thereinto, and an antenna 9 for
launching helicon waves. A magnetic field is sustained by field coils 10 which provide a magnetic field shown by field
lines 11 which are essentially vertical and extend towards either end of the apparatus 1. The plasma is sustained by
radiofrequency inductive excitation. A suitable design for the plasma source consists of a cylindrical silica tube to which
an external antenna is attached of a type normally used for launching of helicon waves.

[0033] In the deposition chamber 4, a substrate which is to be coated 12, is located some distance above the
plasma source and facing downwards. Field coils 13 assist the field coils 10 within the plasma generation chamber 3 to
produce the magnetic field as shown by field lines 11. The substrate 12 may be biased with DC or RF potentials and
heated or cooled to an appropriate temperature.
[0034] An important feature of the invention is that the maximum plasma potential in the plasma is located a dis-
tance above the evaporation source 5, which is sufficiently small that ions of evaporant 6 and/or background gases are
largely polarised at or above the potential maximum. This is achieved by controlling/ adjusting the pressure, plasma
density, and magnetic field intensities to optimum values.
[0035] The conditions of the process which we have observed to lead to the formation of the cubic phase of boron
nitride, c-BN, are listed in Table I, as follows:

[0036] The conditions of the process which have been observed to lead to the formation of silicon dioxide are listed
in table 2 as follows

Table I

Conditions leading to c-BN formation

Electrical input to electron beam evaporator 140 mA at 8kV

Power delivered to plasma source 300W

Distance from boron source to bottom of plasma source 70mm

Length of plasma source 300 mm

Internal diameter of plasma source 130 mm

Distance from boron source to substrate 600mm

rf voltage peak to peak applied to substrate 1400 V

dc bias -360 V

Substrate temperature 260°C

Argon flow rate 3 sccm

Nitrogen flow rate 5 sccm

Total pressure 0.5 m Torr

Substrate material silicon

Current in field coils

(top of helicon source) (field up) 0.2A

(bottom of helicon source) (field down) 1A

Average diameter of field coils 195 mm

Number of turns 250

Coil centre to centre spacing 210 mm
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[0037] To ionise some of the evaporant from the electron beam source and also to ionise any background gases
present. The positive ions and electrons produced by the ionisation process are then transported to the vicinity of the
substrate. A radiofrequency potential is applied to the substrate to alternatively attract the positive ions and the elec-
trons.
[0038] The impact of the positive ions is used to produce desirable improvements in the properties of deposited
films, and the impact of the electrons is used to neutralise any charges produced in the film by the positive ions.
[0039] Impact by positive ions may produce forms of materials which have useful properties by increasing their den-
sity as a result of the compaction effect of the ions. This process is known in the prior an as 'ion assisted deposition'.
An example of the use of this apparatus to achieve such a form of material, namely the cubic form of boron nitride, is
provided as follows. Pure boron is used as a source of boron vapour in the electron beam evaporator. A mixture of argon
and nitrogen gases is admitted to the apparatus. A selection of other materials may be chosen from the following non-
exhaustive list.

Table II

conditions leading to the formation of silicon dioxide

Electrical input to the electron beam evaporator 300mA at 10kV

Power delivered to the plasma source 800W

Distance from silicon source to bottom of plasma source 70mm

Length of plasma source 150mm

Internal diameter of plasma source 130mm

Distance from silicon source to substrate 360mm

Substrate temperature < 200 C

Substrate dc bias 0 to -200V

Oxygen flow rate 25sccm

Total pressure 2mTorr

Substrate material silicon

Current in fields coils

(top of helicon source) 0.2A

(bottom of helicon source) 1A

Average diameter of field coils 195mm

Number of turns 250

Coil center to centre spacing 100mm

Source Material Background Gas

Boron Argon

Titanium Nitrogen

Zirconium Oxygen

Carbon Hydrogen

Hafnium Phosphine

Tungsten Diborane

Chromium Methane, acetylene

Silicon Arsine
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[0040] Whilst particular embodiments of the present invention have been hereinbefore described, it will be appre-
ciated that numerous variations and modifications will become apparent to the apparatus and method. It will also be
appreciated that the apparatus and method may be utilised to form a wide variety of coatings of different characteristics
on substrate materials. All such variations and modifications to the apparatus and method, and also to the applications
for use of the apparatus and method including the different coatings provided thereby should be considered to fall within
the scope of the invention as broadly hereinbefore described and as hereinafter claimed.

Claims

1. An apparatus (1) for forming a coating on a substrate, comprising :

an electrically independent evaporator (5) to produce an evaporant (6) from a solid source material; a plasma
generation chamber (3) having an excitation antenna (9) capable of coupling radio frequency power to a
plasma with improved efficiency over inductive coupling, within which a high density magnetoplasma is gener-
ated from the said evaporant and (most usually) also from a background gas, said plasma generation chamber
being situated above said evaporator (5) and below said substrate in a substantially vertical and axially con-
centric configuration; and magnetic field supply means (10) to apply a substantially vertically oriented magnetic
field (11) to said apparatus (1), to control the density of said magnetoplasma adjacent to said substrate.

2. An apparatus as claimed in claim 1, wherein said electrically independent evaporator is an electron beam evapo-
rator.

3. An apparatus as claimed in claim 1 or 2, wherein the antenna is excited with radio frequency power, which is pref-
erably in the frequency range 10 to 30 MHz.

Germanium Germane

Chromium Silane

Tantalum Silicon Tetrachloride

Vanadium Krypton

Magnesium Fluorine

Aluminium Trimethylgallium

Manganese Aluminiumtrichloride

Nickel Titaniumtetrachloride

Copper Teos

Niobium Disilane

Molybdenum

Silver

Indium

Tin

Yttrium

Gold

any rare earth metal

Gallium

Calcium

Strontium

Barium

(continued)

Source Material Background Gas
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4. An apparatus as claimed in any one of claims 1 to 3, wherein said magnetic field acts to increase the density of said
magnetoplasma and to increase the ionisation proportion of said evaporant and any background gases admitted to
the chamber.

5. An apparatus as claimed in any one of claims 1 to 4, wherein the ionisation proportion of said evaporant is low or
zero, and in the primary effect of the magnetic field is to transport ions of the said background gas to the surface to
carry out the process of ion assisted deposition.

6. An apparatus as claimed in any one of claims 1 to 5, wherein the background gas contains precursors enabling the
deposition of a doped film onto said substrate which originates from the background gas, while the dopant origi-
nates from the evaporant.

7. An apparatus as claimed in any one of claims 1 to 6, wherein said evaporator is comprised of a crucible possibly
having more than one compartment therein, each compartment housing a different source material, and whereby
said evaporator is controlled to produce evaporant(s) from each source material, as desired.

8. An apparatus as claimed in any one of claims 1 to 7, wherein a bias voltage (DC or RF) is applied to said substrate.

9. An apparatus as claimed in claim 8 wherein said bias voltage is up to about 4kV.

10. An apparatus as claimed in any one of claims 1 to 9, wherein said substrate is heated or cooled.

11. An apparatus as claimed in any one of claims 1 to 10, wherein a potential maximum in the plasma is located near
to the evaporator such that said evaporant is largely ionised at a position at or above the potential maximum.

12. An apparatus as claimed in any one of claims 1 to 11, wherein said magnetoplasma has an ion density greater than
1011/cc.

13. An apparatus as claimed in any one of claims 1 to 12, wherein said source material(s) is/are selected from boron,
titanium, zirconium, carbon, hafnium, tungsten, silicon, germanium, chromium, tantalum, vanadium, magnesium,
aluminium, manganese, nickel, copper, niobium, molybdenum, silver, indium, tin, yttrium, gold, any rare earth
metal, gallium, calcium, strontium and barium.

14. An apparatus as claimed in any one of claims 1 to 13, wherein said magnetoplasma is selected from the gases of
argon, nitrogen, oxygen, hydrogen, methane, acetylene, phosphine, diborane, arsine, germane, silane, silicon tet-
rachloride, krypton, fluorine, trimethylgallium, aluminiumtrichloride, titaniumtetrachloride, teos and disilane.

15. An apparatus as claimed in any one of claims 1 to 14, wherein said source material is boron and said magneto-
plasma is comprised of a mixture of nitrogen and argon, such that said coating formed on said substrate comprises
cubic boron nitride.

16. An apparatus as claimed in any one of claims 1 to 15, wherein said source material is silicon and said magneto-
plasma is oxygen and/or nitrogen, such that said coating formed on said substrate comprises silicon dioxide or sil-
icon nitride or a mixture of these.

17. An apparatus as claimed in any one of claims 1 to 15, wherein said source material is germanium and said mag-
netoplasma comprises a mixture of silane and possibly oxygen, said that coating formed on said substrate com-
prises germanium doped silicon or silicon dioxide.

Patentansprüche

1. Vorrichtung (1) zum Ausbilden einer Beschichtung auf einem Substrat, umfassend:

einen elektrisch unabhängigen Verdampfer (5), um ein Verdampfungsgut (6) aus einem festen Ausgangsma-
terial zu erzeugen; eine Plasmaerzeugungskammer (3), welche eine Erregungsantenne (9) aufweist, die in der
Lage ist, Hochfrequenzleistung mit einem Plasma mit verbesserter Effizienz über induktive Ankopplung zu
koppeln, innerhalb welcher ein hochdichtes Magnetoplasma aus dem Verdampfungsgut und (vorzugsweise)
auch aus einem Hintergrundgas erzeugt wird, wobei die Plasmaerzeugungskammer über dem Verdampfer (5)
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und unter dem Substrat in einer im wesentlichen vertikalen und axial konzentrischen Konfiguration angeordnet
ist; und Magnetfeldvorsehmittel (10), um ein im wesentlichen vertikal ausgerichtetes Magnetfeld (11) an die
Vorrichtung (1) anzulegen, um die Dichte des Magnetoplasmas, welches dem Substrat benachbart ist, zu
regeln.

2. Vorrichtung nach Anspruch 1, wobei der elektrisch unabhängige Verdampfer ein Elektronenstrahlverdampfer ist.

3. Vorrichtung nach Anspruch 1 oder 2, wobei die Antenne mit Hochfrequenzleistung erregt wird, welche vorzugs-
weise im Frequenzbereich von 10 bis 30 MHz liegt.

4. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 3, wobei das Magnetfeld dahingehend wirkt, daß es die
Dichte des Magnetoplasmas erhöht und den Ionisierungsanteil des Verdampfungsgutes und jedweder der Kam-
mer zugeführten Hintergrundgase erhöht.

5. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 4, wobei der Ionisierungsanteil des Verdampfungsgutes
niedrig oder null ist und die primäre Wirkung des Magnetfeldes darin besteht, Ionen des Hintergrundgases zur
Oberfläche zu transportieren, um den Vorgang ionenunterstützter Anlagerung durchzuführen.

6. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 5, wobei das Hintergrundgas Vorläuferstoffe enthält, wel-
che die Anlagerung einer dotierten Folie an das Substrat ermöglichen, welche vom Hintergrundgas stammt, wäh-
rend der Dotand vom Verdampfungsgut stammt.

7. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 6, wobei der Verdampfer einen Tiegel umfaßt, welcher
eventuell mehr als eine Kammer darin aufweist, wobei jede Kammer ein unterschiedliches Ausgangsmaterial auf-
nimmt, und wodurch der Verdampfer geregelt wird, um wunschgemäß Verdampfungsgut aus jedem Ausgangsma-
terial zu erzeugen.

8. Vorrichtung nach einem der Ansprüche 1 bis 7, wobei eine Gittervorspannung (DC oder HF) an das Substrat ange-
legt wird.

9. Vorrichtung nach Anspruch 8, wobei die Gittervorspannung bis ungefähr 4KV beträgt.

10. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 9, wobei das Substrat erwärmt oder gekühlt wird.

11. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 10, wobei ein Potentialmaximum im Plasma nahe dem Ver-
dampfer liegt, derart, daß das Verdampfungsgut großteils an einer Position am oder über dem Potentialmaximum
ionisiert wird.

12. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 11, wobei das Magnetoplasma eine Ionendichte aufweist,
die größer als 1011/cm3 ist.

13. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 12, wobei das(die) Ausgangsmaterial(ien) aus der Gruppe
umfassend Bor, Titan, Zirconium, Kohlenstoff, Hafnium, Wolfram, Silicium, Germanium, Chrom, Tantal, Vanadium,
Magnesium, Aluminium, Mangan, Nickel, Kupfer, Niobium, Molybdän, Silber, Indium, Zinn, Yttrium, Gold, jedwedes
Seltenerdmetall, Gallium, Calcium, Strontium und Barium ausgewählt wird(werden).

14. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 13, wobei das Magnetoplasma aus der Gruppe umfassend
die Gase Argon, Stickstoff, Sauerstoff, Wasserstoff, Methan, Acetylen, Phosphin, Diboran, Arsin, Germaniumwas-
serstoff, Silan, Siliciumtetrachlorid, Krypton, Fluorin, Trimethylgallium, Aluminiumtrichlorid, Titantetrachlorid, Teos
und Disilan ausgewählt wird.

15. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 14, wobei das Ausgangsmaterial Bor ist und das Magne-
toplasma ein Gemisch aus Stickstoff und Argon umfaßt, derart, daß die Beschichtung, welche auf dem Substrat
ausgebildet wird, kubisches Bornitrid umfaßt.

16. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 15, wobei das Ausgangsmaterial Silicium ist und das
Magnetoplasma Sauerstoff und/oder Stickstoff ist, derart, daß die Beschichtung, welche auf dem Substrat ausge-
bildet wird, Siliciumdioxid oder Siliciumnitrid oder ein Gemisch aus diesen umfaßt.
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17. Vorrichtung nach einem beliebigen der Ansprüche 1 bis 15, wobei das Ausgangsmaterial Germanium ist und das
Magnetoplasma ein Gemisch aus Silan und eventuell Sauerstoff umfaßt, derart, daß die Beschichtung, welche auf
dem Substrat ausgebildet wird, mit Germanium dotiertes Silicium oder Siliciumdioxid umfaßt.

Revendications

1. Un appareillage (1) pour la formation d'un revêtement sur un substrat, comprenant un évaporateur électriquement
indépendant (5) destiné à produire une substance évaporée (ou "évaporant") (6) à partir d'une source de matière
solide ; une chambre de génération de plasma (3) possédant une antenne d'excitation (9) capable de coupler une
source d'énergie à fréquence radio à un plasma avec une efficacité améliorée par rapport au couplage inductif, à
l'intérieur de laquelle un magnétoplasma à haute densité est généré à partir dudit évaporant et (le plus souvent)
également à partir d'un gaz de base, ladite chambre de génération de plasma étant située au-dessus dudit évapo-
rateur (5) et au-dessous dudit substrat suivant une configuration axialement concentrique et sensiblement verti-
cale, et des moyens pour l'application d'un champ magnétique (10), destinés à appliquer un champ magnétique
orienté sensiblement verticalement (11) audit appareillage (1) en vue de contrôler la densité dudit magnétoplasma
au voisinage dudit substrat.

2. Un appareillage selon la revendication 1, dans lequel ledit évaporateur est un évaporateur à faisceau électronique.

3. Un appareillage selon la revendication 1 ou 2, dans lequel l'antenne est excitée par l'énergie à fréquence radio dont
la fréquence est de préférence de l'ordre de 10 à 30 MHz.

4. Un appareillage selon l'une quelconque des revendications 1 à 3, dans lequel ledit champ magnétique agit de
manière à augmenter la densité dudit magnétoplasma et à augmenter la proportion ionisée (le degré d'ionisation)
dudit évaporant et de tous les gaz de base admis dans la chambre.

5. Un appareillage selon l'une quelconque des revendications 1 à 4, dans lequel le degré d'ionisation dudit évapora-
teur est faible ou nul, et l'effet majeur du champ magnétique est de transporter des sons dudit gaz de base vers la
surface, de manière à meure en oeuvre le processus de dépôt d'ions assisté.

6. Un appareillage selon l'une quelconque des revendications 1 à 5, dans lequel le gaz de base contient des précur-
seurs permettant le dépôt, sur ledit substrat, d'un film dopé provenant du gaz de base tandis que le dopant provient
de l'évaporant.

7. Un appareillage selon l'une quelconque des revendications 1 à 6, dans lequel ledit évaporateur est constitué par
un creuset pouvant comporter intérieurement plus d'un compartiment, dans chaque compartiment étant logée une
source de matière différente, et grâce à quoi ledit évaporateur est contrôlé de manière à produire, à la demande,
un (ou des) évaporant(s) depuis chaque source de matière.

8. Un appareillage selon l'une quelconque des revendications 1 à 7, dans lequel une tension de polarisation (DC ou
RF) est appliquée audit substrat.

9. Un appareillage selon la revendication 8, dans lequel ladite tension de polarisation est d'environ 4 kV.

10. Un appareillage selon l'une quelconque des revendications 1 à 9, dans lequel ledit substrat est chauffé ou refroidi.

11. Un appareillage selon l'une quelconque des revendications 1 à 10, dans lequel un potentiel maximal dans le
plasma est situé au voisinage de l'évaporateur, de manière telle que ledit évaporant est largement ionisé à un
degré égal ou supérieur au potentiel maximal.

12. Un appareillage selon l'une quelconque des revendications 1 à 11, dans lequel ledit magnétoplasma a une densité
ionique supérieure à 1011/cc.

13. Un appareillage selon l'une quelconque des revendications 1 à 12, dans lequel ladite (lesdites) source(s) de
matière est (sont) choisie(s) entre le bore, le titane, le zirconium, le carbone, l'hafnium, le tungstène, le silicium, le
germanium, le chrome, le tantale, le vanadium, le magnésium, l'aluminium, le manganèse, le nickel, le cuivre, le
niobium, le molybdène, l'argent, l'indium, l'étain, l'yttrium, l'or, n'importe quel métal des terres rares, le gallium, le
calcium, le strontium et le baryum.
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14. Un appareillage selon l'une quelconque des revendications 1 à 13, dans lequel ledit magnétoplasma est choisi
entre les gaz constitués par l'argon, l'azote, l'oxygène, l'hydrogène, le méthane, l'acétylène, la phosphine, le dibo-
rane, l'arsine, le germane, le silane, le tétrachlorure de silicium, le krypton, le fluor, le triméthylgallium, le trichlorure
d'aluminium, le tétrachlorure de titane, le teos et le disilane.

15. Un appareillage selon l'une quelconque des revendications 1 à 14, dans lequel ladite source de matière est le bore,
et ledit magnétoplasma est constitué par un mélange d'azote et d'argon, de manière telle que ledit revêtement
formé sur ledit substrat est constitué par du nitrure de bore cubique.

16. Un appareillage selon l'une quelconque des revendications 1 à 15, dans lequel ladite source de matière est le sili-
cium et ledit magnétoplasma est l'oxygène et/ou l'azote, de manière telle que ledit revêtement formé sur ledit subs-
trat est du dioxyde de silicium, du nitrure de silicium ou un mélange des deux.

17. Un appareillage selon l'une quelconque des revendications 1 à 15, dans lequel ladite source de matière est le ger-
manium et ledit magnétoplasma est un mélange de silane et éventuellement d'oxygène, de manière telle que ledit
revêtement formé sur ledit substrat est du silicium ou du dioxyde de silicium dopés au germanium.
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